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1. Introduction 
 

Building an arsenal of verbs requires more than attaching labels to actions. 
Infants must attend to the non-linguistic components of actions that words 
encode, such as path, manner, containment, and support. As Mandler suggests, 
these constructs might provide the conceptual primitives that feed later language 
development (2004). Two of the most fundamental primitives, path (i.e., the 
trajectory of an agent relative to a ground object; exit, ascend, enter, around) 
and manner (i.e., the way in which the agent moves; running, skipping, hopping, 
jumping), only recently received attention. Pulverman et al. (2003; 2004) studied 
infantsÕ ability to attend to changes to path and manner in non-linguistic motion 
events involving an animated starfish. In these studies, infants as young as 7 
months of age noticed changes in both path and manner. Similarly, Casasola and 
colleagues (2003) demonstrated that 10-month-old infants discriminate path and 
manner changes in events involving naturalistic scenes and human agents (e.g., 
a young child crawling in front of a bush vs. a young child crawling around a 
bush). While these studies provide information about infantsÕ ability to notice 
components of action, this is but a piece of the verb-learning problem. As Oakes 
and Rakison state, Òwords refer to categories of objects and eventsÓ (2003, p. 4). 
Running, for example, is considered the same action whether performed by an 
Olympic runner or a child. Thus, after children attend to semantic components, 
they must look for similarities across these components and categorize them. 
Words would lose their utility if each instance of an action required a different 
name. 

We began our investigation of action categorization by asking whether 
infants can abstract an invariant action from an ongoing event. In the first 
studies of this kind we asked whether infants abstract the invariant path across 
multiple exemplars of manner and the invariant manner across multiple 
exemplars of path. We found that 10-month-olds find the invariant path across 
multiple exemplars of manner. Further, 13-month-olds can abstract the invariant 
manner across multiple exemplars of path (Pruden, Hirsh-Pasek, Maguire, &  
Meyer, 2004). Both of these studies indicate that infants have the fundamental 
ability to abstract the invariant among a series of motion events. The research  
 

 
 



we present in this paper continues this exploration of infantsÕ ability to f ind  
invariant actions by examining one factor - comparison - that may assist in the 
abstraction of an invariant action. The ability to make comparisons may play an 
important role in learning and more specif ically, categorization (Gentner &  
Namy, 1999; Klibanoff & Waxman, 2000; Namy & Gentner, 2002; Oakes &  
Ribar, 2005; Waxman & Klibanoff, 2000). Gentner (1983) proposed that a 
process of structure-mapping allows one to structurally align the properties of 
one object/event to another and as a result notice the similarities and differences 
of these objects/events.  

Comparison helps children both form new categories (Oakes & Ribar, 
2005) and learn words across a range of grammatical forms, including nouns 
(Gentner & Namy, 1999; Namy & Gentner, 2002), verbs (Childers, 2008), and 
adjectives (Klibanoff & Waxman, 2000; Waxman & Klibanoff, 2000). For 
example, Oakes and Ribar (2005) investigated how comparison might aid in 
infantsÕ ability to categorize objects like animals. Using a preferential-looking 
paradigm, infants were familiarized with pictures of multiple exemplars from 
the same category (e.g., different breeds of dogs). To assess the role of 
comparison, they were either shown pictures of these dogs individually (i.e., 
sequentially) or in pairs (i.e., simultaneously) during a familiarization phase. At 
test, infants were simultaneously shown a new exemplar of the familiarized 
category (i.e., a novel exemplar of a dog) and an exemplar from a novel 
category (i.e., a cat). Four-month-olds only showed category formation in the 
familiarization phase that showed the items in pairs. Allowing infants to 
compare the pictures during familiarization not only reduced the visual short-
term memory demands, but also allowed them to encode the similarities and 
differences between the category members. More importantly, it allowed infants 
who were previously unable to form a category of objects to now show evidence 
of forming one. A simple change in methodology, from a sequential presentation 
to a simultaneous presentation of stimuli, can aid in the formation of categories.  

In our original categorization studies (Pruden et al., 2004), we presented our 
familiarization events sequentially. Would we see a change in infantsÕ 
performance if these events were presented simultaneously, allowing for 
comparison of the eventsÕ similarities and differences? Children aged 7 to 9 
months of age were recruited for these studies because we were interested in an 
age group that did not show previous evidence of abstracting invariant actions. 

 
2. Experiment 1: Does comparison help infants’ abstract path across 
multiple manners? 
 

Infants participating in this experiment were shown the same familiarization 
events as those seen in our original path study (Pruden et al., 2004). The key 
change in this study was that infants were shown these familiarization events 
simultaneously rather than sequentially.  

This change in methodology was expected to have two effects. First, we 
anticipated that infants viewing the familiarization clips in pairs would show 



heightened attention to the familiarization events when compared to those 
infants participating in our original path study (Pruden et al., 2004). Finally, we 
predicted that this methodological change, allowing children to compare the 
familiarization clips directly, would help infants abstract the invariant path 
across several exemplars of manner. Thus, infants now should show a 
significant looking preference for one of the events during the test phase.  
 
2.1. Participants 
 

Twenty 7- to 9-month-olds (M = 8.41, SD = .98; 11 males and 9 females) 
formed the final sample of Experiment 1. An additional 11 (35%) infants were 
excluded from further analyses due to low attention (n = 5), side bias (n = 2), 
experimenter error (n = 3) and fussiness (n = 1). 
 
2.2. Stimuli  
 

The stimuli consisted of animated motion events of a purple starf ish 
performing an action relative to a stationary green ball displayed in the center of 
the screen. During each motion event, the purple starf ish performed 
simultaneously a component of path and a component of manner. Each motion 
event lasted a total of 12 s. During this 12 s motion event, the starfish repeated 
the manner of action across its path for 6 s, and then reversed its direction to 
continue back along the same path while performing the same manner for the 
remaining 6 s. Six exemplars of path (ÒoverÓ, ÒunderÓ, ÒaroundÓ, ÒpastÓ, Òin 
frontÓ, and ÒbehindÓ) and six exemplars of manner (ÒspinningÓ, Òjumping 
jacksÓ, ÒtwistingÓ, Òtouching toeÓ, Òside bendingÓ, and Òbending forwardÓ) 
served as the stimuli. Importantly, no linguistic stimuli accompanied the motion 
events shown during the experiment. Figure 1 illustrates a subset of the paths 
and manners used across both studies. The animated stimuli were generated 
using the animation program Strata 3Dproª  version 3.9. The construction of the 
final movies was completed using the program Final Cut Pro HDª  version 4.5.  



2.3. Procedure 
 
Infants were tested using the split-

screen Preferential Looking Paradigm 
(Figure 2; Hirsh-Pasek & Golinkoff, 
1996). They were seated on their 
caregiverÕs lap in front of a large 
screen television. Caregivers closed 
their eyes during the experiment so as 
not to inf luence the childÕs direction of 
gaze. A video camera placed to the left 

of the television screen recorded the infantsÕ eye gaze. InfantsÕ looking times 
were discarded from further analyses if their caregivers looked at the stimuli or 
spoke to the infant during the study. 

Infants participated in four phases of the experiment: 1) introduction; 2) 
salience; 3) familiarization; and 4) test. The introduction phase ensured that 
infants looked to both sides of the screen. During the introduction phase, infants 
were introduced to the purple, animated starfish, first on one side of the screen 
for 6 s, and then on the other side of the screen for 6 s. During this introduction 
the starf ish moved across the screen from left to right and back while stretching 
its arms and legs outward.  

Following the introduction phase, infants viewed the salience phase during 
which the same video clips to be used later during the test phase were presented 
simultaneously on the split-screen for 12 s. The salience phase assessed any a 
priori preference for the test events. The assumption was that infants would not 
have an a priori preference for either event clip during salience.  

Importantly, and what made this study different from the original path study 
(Pruden et al., 2004) was that infants viewed two events, each depicting the 
same path (with different manners) simultaneously on the split screen for 12 s 
during the familiarization phase. This simultaneous presentation of the 
familiarization events allowed infants to compare events. Thus, infants viewed 
each of the four motion events twice during the familiarization phase. For 
example, infants participating in the condition testing the path ÒbehindÓ saw the 
following events during each of the four familiarization trials: (1) Òtwist behind 
and Òside bend behind,Ó (2) Òspin behindÓ and Òflap behind,Ó (3) Òside bend 
behindÓ and Òspin behind,Ó and (4) Òflap behindÓ and Òtwist behind.Ó  

The purpose of the test phase was to assess whether infants had abstracted 
the invariant path (in this example, ÒbehindÓ) across the multiple exemplars of 
manner. Infants were presented with two test events simultaneously on the split-
screen for 12 s: (1) a familiar test event, with the same path and a novel manner 
(i.e., a novel exemplar from the familiar category), and (2) a novel test event, 
with a novel path and novel manner (i.e., a novel exemplar from a novel 
category). Therefore, infants familiarized with the events depicting ÒbehindÓ 
would, at test, see Òtoe touch behindÓ (novel manner, same path) and Òtoe touch 
in frontÓ (novel manner, novel path). Importantly, the scene on both screens is 

Figure 2. Preferential Looking Paradigm 



ÒnewÓ to the infant. Infants must therefore look within the novel, complex event 
to find the familiar path. Looking times to motion events across the four phases 
were recorded. 

 
2.4. Results 

 
Novelty-preference scores were calculated for each infant using his or her 

average looking times towards the events. These scores were calculated by 
taking the average looking time towards the novel event and dividing by the sum 
of the average looking time towards the novel event and the familiar event. 
Anything above .50 indicated that infants had a preference for the novel event 
and anything below .50 showed that infants preferred to view the familiar event.  
 
Preliminary Analyses 

Boxplots were used to identify possible outliers in both the salience and test 
phase data. These boxplots showed two outliers in the novelty-preference scores 
during the test phase. These two data points were removed from subsequent 
analyses on the test phase data. No outliers in the salience phase data were 
identified. 
 
Do Infants Have an a priori Salience Preference for the Test Clips? 

A univariate ANOVA with sex (male; female) and condition (i.e., the path 
tested; Òunder,Ó Òover,Ó Òaround,Ó Òpast,Ó Òbehind,Ó and Òin frontÓ) as between-
subjects factors was performed on the salience phase novelty-preference scores. 
No main effects of sex or condition and no interaction between these variables 
were found (lowest p-value = .41). The novelty-preference scores for the 
salience phase data were collapsed across sex and condition. 

A one-sample t-test on the salience phase data revealed that infants did not 
have an a priori preference for either event, t (19) = -.71, p > .05, d = .33. Infants 
found both events to be equally interesting during the salience phase.  

 
Familiarization Phase Analyses 

The average looking time across all four familiarization trials was 
calculated for each infant. Infants in the present, comparison study were 
compared to those infants in the original, no comparison study (Pruden et al., 
2004) to see if  their attention to the familiarization events differed. InfantsÕ 
looking times in both studies were compared using an independent-samples t-
test. This test showed that there was a significant difference in the average 
looking times during the familiarization phase between infants in the present, 
comparison study (N = 20; M = 8.89, SE = .44) and in the original, no 
comparison study (N = 30; M = 9.90, SE = .28), t (48) = 2.33, p < .05, d = .65. 
Infants in the present, comparison study showed a decrease in attention to the 
familiarization events as compared to their no comparison counterparts.  
 



Figure 3. Novelty-preference scores during the test phase. 

Does Comparison Facilitate the Abstraction of Path Across Multiple Manners? 
A univariate ANOVA with sex (male; female) and condition (i.e., the 

conditions corresponded to the path tested; Òunder,Ó Òover,Ó Òaround,Ó Òpast,Ó 
Òbehind,Ó and Òin frontÓ) as between-subjects factors was performed on the data 
from the test phase. No main effects of sex or condition and no interaction 
between these variables were found (lowest p-value = .36). The test phase 
novelty-preference scores were collapsed across these factors.  

Figure 3 depicts 
the novelty-
preference scores 
during the test phase 
for the present, 
comparison study 
and the original, no 
comparison study 
(Pruden et al., 2004). 
We assessed whether 
infants in the present, 
comparison study 
performed 
differently from those infants who had participated in the original, no 
comparison study (Pruden et al., 2004). An independent-samples t-test on the 
test phase data from these two groups finds that the looking times are not 
significantly different from each other, t (46) = -1.70, p = .085, d = .53. Though 
this test did not yield a significant finding, it is important to note that the effect 
size was moderate suggesting that an increase in sample size should yield a 
significant effect. Finally, a one-sample t-test used to assess infantsÕ preferences 
during the test phase revealed that infants had a significant preference for the 
novel test event in the present, comparison study, t (17) = 2.97, p < .01, d = 1.44. 
However, those participating in the original, no comparison study did not show a 
reliable preference for either event during the test phase, t (29) = .11, p > .05, d 
= .04. 
 
2.5. Discussion 
 

The purpose of Experiment 1 was to assess the role that comparison plays in 
7- to 9-month-old infantsÕ abstraction of an invariant path. A change in 
methodology to a simultaneous presentation of the familiarization events 
allowed infants to make comparisons between the events. We hypothesized that 
this change in methodology would have two effects. First, we predicted that 
infants in this study, relative to the original, no comparison study (Pruden et al., 
2004), would show increased attention to the events presented during the 
familiarization phase. However, rather than heightening attention to the 
familiarization events, the change in methodology led to a significant reduction 



in infantsÕ attention to the events. Why might we see a decrease in attention to 
these events?  

One possible explanation for this finding is that infants require less time to 
process those events that they can directly compare. By allowing infants to 
compare events, they may require less time to examine the events for their 
similarities and differences. Infants in our original path study (Pruden et al., 
2004) in which the events are shown sequentially, are forced to recall what they 
had previously seen, leading to increased information-processing demands. This 
load on their information-processing capabilities may cause them to examine the 
events longer than those in the comparison study. Further, infants in this study 
see the familiarization exemplars twice as many times as those in our original, 
path study. Perhaps the number of times an event was presented impacted the 
amount of time infants spent examining the events. Those who saw the events 
more than once, as they did in the present study, required less time to process 
the events than those who only viewed the events once during familiarization.  

In our second prediction, we hypothesized that infants would show a 
significant preference for one of the events during the test phase suggesting that 
they had abstracted the path. As predicted, we found that infants participating in 
our comparison study showed a significant preference for the novel event at test, 
while those participating in our original study did not show a reliable preference 
(Pruden et al., 2004). One caveat should be noted. InfantsÕ performance in the 
test phase in the present, comparison study did not signif icantly differ (p = .085) 
from those infants participating in the original, no comparison study (Pruden et 
al., 2004). This test however yielded a moderate effect size suggesting that if the 
current sample size is increased we should be able to detect a difference between 
these two groups. With a larger sample size and increased power we should be 
able to reduce the variability in the novelty-preference scores and see a 
significant difference between these two groups. Regardless of this result, 
infants in the present, comparison study did show a significant preference for the 
novel test event suggesting that the methodological change was enough to drive 
infants to make a choice during the test phase. These findings suggest that the 
change in methodology, which allowed infants to compare the familiarization 
events, did have some facilitative effect in helping infants abstract the invariant 
path.  
 
3. Experiment 2: Does comparison help infants’ abstract manner across 
multiple paths? 
 

The sister study to Experiment 1, Experiment 2 assessed the role of 
comparison in infantsÕ ability to abstract the invariant manner across multiple 
examples of path. Infants were familiarized to events depicting the animated 
starf ish performing the same manner across different paths. These events were 
presented in pairs, allowing infants to make direct comparisons.  

The same predictions made for Experiment 1 were adopted here. First, we 
hypothesized that infants would show increased attention to the familiarization 



events relative to those infants participating in our original categorization study 
(Pruden et al., 2004). We also predicted that comparison would help infants 
abstract an invariant manner across a series of path exemplars. Success at 
abstracting the manner would result in a preference for one of the events 
presented at test.  
 
3.1. Participants 
 

Eighteen 7- to 9-month-olds (M = 8.24, SD = .89; 9 males and 9 females) 
made up the final sample for Experiment 2. Seven (28%) infants were excluded 
from further analyses because of low attention (n = 2), side bias (n = 1), and 
experimenter error (n = 4).  

 
3.2. Stimuli 
 

The stimuli for Experiment 2 were exactly the same as those used in 
Experiment 1.  
  
3.3. Procedure 

 
The procedure was exactly the same as Experiment 1. The only difference 

between Experiment 1 and Experiment 2 were the clips used for the salience, 
familiarization, and test phases. 

Infants were shown four familiarization trials, each 12 s in length, during 
the familiarization phase. Rather than viewing the events individually as they 
were presented in the original, manner study (Pruden et al., 2004) the events 
were presented simultaneously. This gave infants the opportunity to compare the 
familiarization events. Each event during familiarization was viewed twice. For 
example, infants participating in the condition testing the manner ÒflapÓ saw the 
following events presented on the split-screen during the familiarization phase: 
(1) Òflap in frontÓ and Òflap around,Ó (2) Òflap underÓ and Òflap over,Ó (3) Òflap 
aroundÓ and Òflap under,Ó and (4) Òflap overÓ and Òflap in front.Ó  

The test phase assessed whether infants had abstracted the invariant 
manner across multiple exemplars of path. Infants were presented with two 
event clips simultaneously on the split screen for 12 s: (1) familiar test event 
depicting the same manner and a novel path (i.e., a novel exemplar from the 
familiar category), and (2) novel test event depicting a novel manner and novel 
path (i.e., a novel exemplar from a novel category). Infants who were 
familiarized with the events depicting the category ÒflapÓ would, at test, see 
Òflap pastÓ (same manner, novel path) and Òbend down pastÓ (novel manner, 
novel path). InfantsÕ looking times across all four phases of the experiment were 
recorded.  
 



3.4. Results 
 

Novelty-preference scores were calculated for each infant based on the 
same calculation as used in Experiment 1.  

 
Preliminary Analyses 

Prior to running any preliminary analyses, the data sets were examined for 
possible outliers. Boxplots showed there were no outliers for either the salience 
phase or the test phase data.  

 
Do Infants Have an a priori Salience Preference for the Test Clips? 

A univariate ANOVA with sex (male; female) and condition (i.e., the 
conditions corresponded to the manner tested; Òflap,Ó Òbend down,Ó Òspin,Ó 
Òside bend,Ó Òtoe touch,Ó and ÒtwistÓ) as between-subjects factors conducted on 
the novelty-preference scores from the salience phase revealed no main effects 
of sex or condition, and no interaction between these factors (lowest p-value = 
.36). The salience phase novelty-preference scores were collapsed across these 
factors.  

A one-sample t-test was conducted on the novelty-preference scores from 
the salience phase in order to determine whether infants had any a priori 
preferences for the test events. This test showed that infants had no preference 
for either event during the salience phase, t (17) = 1.19, p > .05, d = .58. Both 
events were equally interesting to the infants.  
 
Familiarization Phase Analyses 

The average looking time across all four familiarization trials was 
calculated for those infants in the present, comparison study and those infants 
participating in our original, manner study (Pruden et al., 2004). An 
independent-samples t-test was conducted to assess if there were differences in 
the average looking times between these two groups. This test revealed that the 
average familiarization times for the present, comparison study (N = 18; M = 
8.62, SE = .41) were not significantly different from the average familiarization 
times for the original, manner study (N = 30; M = 8.86, SE = .35), t (46) = .42, p 
> .05, d = .13. Infants did not show increased attention to the familiarization 
events, despite the methodological change from a sequential presentation to a 
simultaneous presentation.  

 
Does Comparison Facilitate the Abstraction of Manner Across Multiple Paths? 

A univariate ANOVA with sex (male; female) and condition (i.e., manner 
tested; Òflap,Ó Òbend down,Ó Òspin,Ó Òside bend,Ó Òtoe touch,Ó and ÒtwistÓ) as 
between-subjects factors was conducted on the novelty-preference scores from 
the test phase. This test showed that there were no main effects of sex or 
condition and no interaction between these variables on the test phase data 
(lowest p-value = .09). All subsequent analyses conducted on the test phase data 
were collapsed across condition and sex.  



Figure 4. Novelty-preference scores during the test phase. 

Infants’ test phase 
data from the present, 
comparison study 
were compared to 
infants’ test phase data 
from the original, no 
comparison study 
(Pruden et al., 2004). 
Using infants’ 

novelty-preference 
scores from the test 
phase, an independent 
samples t-test revealed 
that infants novelty-

preference scores in the present, comparison study were not significantly 
different from infants’ novelty-preference scores in the original, no comparison 
study (Pruden et al., 2004; See Figure 4), t (46) = -.98, p > .05, d = .28. To 
assess infantsÕ preferences during the test phase, a one-sample t-test with the 
novelty-preference scores from the test phase was conducted. This one-sample t-
test revealed that infants participating in the comparison study did not have a 
significant preference for either event during the test phase, t (17) = .92, p > .05, 
d = .45. Furthermore, infants in the original, no comparison study also did not 
have a reliable preference for either test event, t (29) = -.13, p > .05, d = .05.  
 
3.5. Discussion 

 
Experiment 2 tested whether comparison helped 7- to 9-month-old infants 

abstract the invariant manner across several paths. Infants viewed the 
familiarization events in pairs, rather than individually allowing for direct 
comparison of the similarities and differences of the events.  

We hypothesized that infants would show heightened attention to the 
familiarization events. We saw no difference in infantsÕ attention to the 
familiarization events when compared to those infants participating in the 
original, manner study (Pruden et al., 2004). These data suggest that the change 
in methodology from a sequential to a simultaneous presentation did not 
heighten (or reduce) attention to the familiarization events.  

We also predicted that infants would show a signif icant preference for one 
of the test events indicating that they had abstracted the invariant manner. 
Contrary to our hypothesis, infants did not show a signif icant preference for 
either event during the test phase nor did their performance during the test phase 
significantly differ from those infants participating in the original, manner study 
(Pruden et al., 2004). Taken together, these findings suggest that allowing for 
direct comparison of the familiarization events by changing the methodology 
does not heighten attention to the similarities among the events nor does it help 
infants abstract the invariant manner.  



4. General Discussion 
 
Experiments 1 and 2 investigated whether comparison aids infantsÕ 

abstraction of path and manner. We made two broad predictions. 
First, we hypothesized that allowing infants to directly compare the 

familiarization events would lead to increased attention to these events. Our 
findings show decreased attention to the events during the familiarization phase 
in Experiment 1. In Experiment 2, however, infantsÕ attention during the 
familiarization phase did not differ from those children who had participated in 
our original manner study (Pruden et al., 2005).  

Why might we see a decrease in attention in the path study, but not in the 
manner study? We already have evidence that infantsÕ abstract path before they 
abstract manner (Pruden et al., 2004) and we have evidence that a label 
facilitates abstraction of path, but doesn’t seem to increase attention to the 
familiarization events (Pruden &  Hirsh-Pasek, 2006). Perhaps children in 
Experiment 1 require less time to process the events depicting the same path 
across different manners because they were allowed to actively compare the 
events.  

Second, we predicted that allowing infants to compare events would 
facilitate the abstraction of both path and manner. Children in our path 
experiment showed increased evidence of the ability to abstract the invariant 
path, while those in our manner study did not. Our f indings suggest that 
children, given the opportunity to actively compare events for their similarities 
and differences, can abstract semantic components.  

Why are infants able to abstract path, but not manner in these tasks? Two 
possibilities exist. First, it is possible that we were unable to sufficiently detect 
an effect because of our sample size. Further, infants may show evidence of 
abstraction if they had additional time, beyond what they had in our study, to 
make comparisons and notice the similarities and differences among the events. 
However, it is also possible that the semantic component, manner, simply cannot 
be abstracted at this young age, even when comparison is added. Assuming this 
is the problem, we should investigate older infants to see when they can use 
comparison to abstract manner. 

These studies along with our original research (Pruden et al., 2004) are 
among the f irst to shed light on whether pre-verbal infants can discriminate and 
categorize actions and spatial relations that are codified in relational terms. 
Indeed, they are among the f irst to even examine how infants abstract semantic 
aspects of dynamic events. We also now have evidence that factors, such as 
comparison, aid infantsÕ abstraction and categorization of these components. !  

                                                
!  Correspondence concerning this article should be addressed to the first author, 

Shannon Pruden, University of Chicago, 5848 S. University Ave. Box #6, Chicago, IL  
60637.  E-mail: spruden@uchicago.edu 
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